Methods
subunit. In chain B, the atomic positions of the backbone and side chains are resolved for atoms of the T1 domain, the S2 segment and the segments S4 through S6 in the N-terminal region of the TM domain. The chains C and D are TM segments resolved only as poly-Gly helices without the connecting loops in the x-ray structure due to a weak electron density obtained for these regions in the diffraction. Chain C corresponds to the S1 segment, as well the linker between the T1 and TM domain, whereas chain D corresponds to the backbone of the S3 segment.
We first assign side chains to the fragments C and D. The assignment of side chains to fragment C is straightforward because its sequence is consecutive to the T1 domain for which the sequence identity is already known in the x-ray structure. Attribution of side chains to the fragment D is more difficult since this chain is placed between two loop-regions of unknown structure. For this purpose, two main experimental constraints were considered: i) Asp 259 of S3 is close to Glu 236 and Lys 306 of segments S2 and S4, and participates in electrostatic interactions, as experimentally
shown by second-site suppressor analysis in the homologous Shaker B channel (2) ; ii) the helical kink present along the chain D corresponds to the conserved Pro 265 of segment S3. We then construct the connecting loops between the voltage-sensor segments (minuscule characters in the diagram of the primary sequence). In the region of the voltage-sensor loops, the primary sequence contains highly conserved proline and glycine residues, a s revealed from sequence multiple-alignment (3) . Given that these residues may act as helix-breaking points, the loops were initially built as helical extensions of the TM segments featuring proline or glycine L03 residues at the tail-ends. After protonation of the model (pH=7.0), the loops were closed by energy minimization calculations, while freezing the coordinates originated from the x-ray structure For coordinate assignments and loop generation the homology package from Insight II (Biosym/ MSI, San Diego, California) was used. Energy minimization was performed using conjugategradient algorithms.
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Building the macromolecular system: The Kv channel was inserted at the center of a membrane patch composed by palmitoyloleylphosphatidylcholine (POPC) lipid molecules, optimizing the distance between conserved aromatic side chains (belonging to S1 through S3) and the phospholipid head groups (4). The complete system contains the Kv channel, 426 lipid molecules, 60,485 solvent-water molecules and 2 potassium ions located in the selectivity filter (a total of ca.
238,255 atoms). To ensure the neutrality of the system, 42 counter ions (sodium and potassium)
were distributed uniformly in the solvent. The initial dimensions of the simulation cell were 133 x 143 x 142 Å 3 .
Molecular dynamics:
The MD simulations were carried out in the NPT ensemble using the program NAMD2 (5). The equations of motion were integrated using a multiple time-step algorithm (6). Short-and long-range forces were calculated every 2 and 4 time -steps respectively, with a time step of 1.0 fs. Langevin dynamics and Langevin piston methods were applied to keep the temperature (300 K) and the pressure (1 atm) of the system fixed. Chemical bonds between hydrogen and heavy atoms were constrained to their equilibrium value. Long-range electrostatic forces were taken into account using the particle mesh Ewald (PME) approach (7). The water molecules were described using the TIP3P model (8) . Bond stretching, valence angle deformation, torsional and non-bonded parameters of the protein and the lipids were extracted from the all-atom CHARMM force field (9) . A united-atom representation was adopted for the acyl chains of the POPC lipid molecules.
The channel was initially equilibrated for 3.5 ns with the backbone constrained harmonically around the original coordinates of the x-ray structure, except for the modeled loops joining the TM segments. This procedure assured the uniform and tight distribution of lipid molecules around the channel without disturbing the original protein structure. Concomitantly, several cavities of the L04 channel, mainly in the central cavity and around the S4 helices, were spontaneously fulfilled by waters molecules migrated from both sides of the membrane. The MD run was then extended without constraints to 9 ns. The rmsd from the initial conformation of the channel reaches a plateau of about 2.8 ± 0.5 Å for the backbone of the monomeric TM domain and ~6.5 ± 2.0 Å for the T1 domain which is fully hydrated. Execution of NAMD2 was performed on 64 SP4 processors of an IBM at the CINES supercomputer center.
Electrostatic properties:
The distributions of the electrostatic potential have been generated from the MD simulations using the PME method as imp lemented in NAMD ( . The electric field was calculated as a gradient of the 3d electrostatic potential.
Activation of the Shaker B model:
A microscopic view for the gating mechanism of Kv channels was recently proposed based on a simulation of the activation of a full-atomistic model of the Shaker B (11). We summarize the main results previously obtained: The dynamics of this molecular structure was studied in a lipid membrane by means of two large-scale MD simulations, considering the influence of applied TM voltages characteristic of the resting and activation of Kv channels. In the model, S4 adopts a TM orientation, is packed against the pore domain near the interface between adjacent subunits, and is protected from the membrane by segments S1 through S3. Upon activation, conformational changes lead to an increase of the hydration of the charged-S4 helices, correlated with an upward translation (2-3 Å) and a tilting of the latter that in turn is coupled to the pore domain. Although small, these conformational changes modify ultimately the ion-conduction pathway, and induce a bending and swivel motion of S6 around the PVP, increasing the pore volume below this motif.
We analyse here the properties of the Shaker B model in both the resting conformation (obtained In the R-state, the EP maps reveal that low potential regions exist in the vicinity of S4 due water molecules penetrating the TM domain from both sides of the membrane ( fig. 5 A, B) . As a results of the local morphology of the electrostatic potential large gradients of electric field are localized in the region of the gating charges ( fig. 5 D) . This corroborates the fluorometric-electrostatic measurements for which a great inhomogeneity of the electric field around the charge-carrying S4 segment is reported (12, 13) .
The local electrostatic potential around the S4 drastically changes in response to membrane depolarization ( fig. 5 D) . Indeed, in the TA-state one clearly identifies a reshaping of the electrostatic potential that is due to an increased protrusion of the water (low dielectric, blue region) around S4. Similar water protrusion and electrostatic potential deformation using a continuum model (14) was shown to produce gating charges of ~ 12-14 e for a shaker model in which S4 translates ~2 Å perpendicular to the membrane.
Note that our results are obtained from an approximate model of a Kv channel built using homology modeling and few experimental constraints. There is however a striking similarity between the electrostatic potential maps of the Kv1.2 (main paper) and the approximate Shaker 
